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MOTIVATION	
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CMS	
  Reported	
  “Ridge”	
  feature	
  in	
  pp,pA	


23 

First correlation result from pPb pilot run 
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1 < p
(b)

Yes, there is a ridge in pA!!! 
 

Much more significant than in pp! 

Confirmed later by ALICE and ATLAS 

Submitted in October, 2012 
(one month after data taking) 

Slide	
  from	
  Wei	
  Lei,	
  Rice	
  University	
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6 

pp <N>~15, 1<pT<3 GeV/c 

The “ridge” in pp collisions 

pp N>110, 1<pT<3 GeV/c 

No ridge observed in minimum bias pp or any pp MC generators 

Two-particle Δη-Δϕ correlation 

High	
  Mul)plicity	
  Events	
  is	
  the	
  key!	
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I	


9 

Very high multiplicity pp collisions 

Very high-multiplicity pp events are rare in nature 

10-5 – 10-6 prob. 

Very exotic  
pp events 

Raw counts of tracks! 

<Ntrk
offline>~15 for MB pp

Slide	
  from	
  Wei	
  Lei,	
  Rice	
  University	


nch	
  =	
  110	
  in	
  Δη=4.8	
  	
  
(dnch/dη	
  ~	
  23)	
  
<nch>	
  15	
  for	
  MB	
  
110/<nch>	
  ~	
  7	
  
10-­‐5	
  ~	
  10-­‐6	
  probability	
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6 

pp <N>~15, 1<pT<3 GeV/c 

The “ridge” in pp collisions 

pp N>110, 1<pT<3 GeV/c 

No ridge observed in minimum bias pp or any pp MC generators 

Two-particle Δη-Δϕ correlation 

pA	
  vs.	
  pp	


Signal	
  is	
  expected	
  to	
  be	
  smaller	
  in	
  pp.	
  
Requires	
  more	
  sta)s)cs	
  than	
  pA.	
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Experiment	
 pA,	
  dA	
 pp	


CMS	
 ✔	
 ✔	


ALICE	
 ✔	
 ✔	


ATLAS	
 ✔	


PHENIX	
 ✔	


STAR	
 ?	
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PHENIX	
  History	
  on	
  Collec)ve	
  Mo)on	
  in	
  
Small	
  System	


PPG152	
 Ellip)c	
  Shape	
  at	
  η~0	
  	
 d-­‐Au	
 2013,	
  March	
  
published	
 Anne	
  Sicks	


PPG161	
 Long-­‐range	
  ridge	
  y~0	
  +	
  
MPC	
 d-­‐Au	
 Second	
  

submission	
 Shengli	
  Huang	


v2,	
  v3	

High	
  mul)plicity	
  trigger	
  

in	
  BBC	

3He-­‐Au	
 2014,	
  Dec	
  

Preliminary	
 Shengli	
  Huang	


Long-­‐range	
  ridge	
  y~0	
  +	
  
FVTX	
  +	
  MPC?	
 p-­‐p	
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Observed	
  v2	
  in	
  dAu	
  @	
  PHENIX	

4

The data were obtained from p+p in the 2008 and 2009
experimental runs and d+Au in the 2008 run with the
PHENIX detector. The event centrality class in d+Au
collisions is determined as a percentile of the total charge
measured in the PHENIX beam-beam counter covering
�3.9 < ⌘ < �3.0 on the Au-going side [16]. For the top
5% central d+Au collisions, the corresponding number of
binary collisions and number of participants are 18.1±1.2
and 17.8± 1.2 respectively [16].

Charged particles used in this analysis are recon-
structed in the two PHENIX central-arm tracking sys-
tems, consisting of drift chambers and multi-wire propor-
tional pad chambers (PC) [17]. Each arm covers ⇡/2 in
azimuth and |⌘| < 0.35, and the tracking system achieves
a momentum resolution of 0.7%�1.1%p GeV/c.

The drift-chamber tracks are matched to hits in the
third layer of the PC, reducing the contribution of
tracks originating from decays and photon conversions.
Hadron identification is achieved using the time-of-flight
detectors, with di↵erent technologies in the east and
west arms, for which the timing resolutions are 130 ps
and 95 ps, respectively. Pions and (anti)proton tracks
are identified with over 99% purity at momenta up to
3 GeV/c [18, 19] in both systems.

Energy deposited at large rapidity in the Au-going di-
rection is measured by the towers in the south-side Muon
Piston Calorimeter (MPC-S) [20]. The MPC-S comprises
192 towers of PbWO4 crystal covering 2⇡ in azimuth and
�3.7 < ⌘ < �3.1 in pseudorapidity, with each tower sub-
tending approximately �⌘⇥�� ⇡ 0.12⇥0.18. Over 95% of
the energy detected in the MPC is from photons, which
are primarily produced in the decays of ⇡0 and ⌘ mesons.
Photons are well localized, as each will deposit over 90%
of its energy into one tower if it hits the tower’s center.
To avoid the background from noncollision noise sources
and cut out the deposits by minimum ionization parti-
cles (⇠ 245 MeV), we select towers with deposited energy
ETower > 3 GeV.

We first examine the long-range azimuthal angular cor-
relation of pairs consisting of one track in the central
arm and one tower in the MPC-S. Because the towers
are mainly fired by photons, and the azimuthal extent
of each energy deposition is much smaller than the size
of azimuthal angular correlation from jet or elliptic flow,
these track-tower pair correlations will be good proxies
for hadron-photon correlations without attempting to re-
construct individual photon showers. We construct the
signal distribution S(��, pT ) of track-tower pairs over
relative azimuthal opening angle �� ⌘ �Track � �Tower,
each with weight wtower, in bins of track transverse mo-
mentum pT .

S(��, pT ) =
d(wTowerN

Track(pT )�Tower
Same event )

d��
(1)

Here �Track is the azimuth of the track as it leaves the
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FIG. 1: The azimuthal correlation functions C(��, pT ), as
defined in Eq. 2, for track-tower pairs with di↵erent track
pT selections in 0%–5% central d+Au collisions (left) and
minimum bias p+p collisions (right) at

p
sNN = 200 GeV.

From top to bottom, the track pT bins are 0.2–1.0 GeV/c,
1.0%–2.0 GeV/c and 2.0%–4.0 GeV/c. The pairs are formed
between charged tracks measured in the PHENIX central
arms at |⌘| < 0.35 and towers in the MPC-S calorimeter
(�3.7 < ⌘ < �3.1, Au-going). A near-side peak is observed
in the central d+Au which is not seen in minimum bias p+p.
Each correlation function is fit with a four-term Fourier co-
sine expansion; the individual components n = 1 to n = 4 are
drawn on each panel, together with the fit function sum.

primary vertex, �Tower is the azimuth of the center of the
calorimeter tower. The wTower is chosen as the tower’s
transverse energy ET = ETower sin (✓Tower). This quan-
tity is found to be less sensitive to occupancy e↵ects
which result from multiple hits in the same tower, or a
single hit which distributes its signal between more than
one tower. To correct for the nonuniform PHENIX az-
imuthal acceptance in the central arm tracking system,
we then construct the corresponding “mixed-event” dis-
tribution M(��, pT ) over track-tower pairs, where the
tracks and tower signals are from di↵erent events in the
same centrality and vertex position class. We then con-
struct the normalized correlation function

C(��, pT ) =
S(��, pT )

M(��, pT )

R 2⇡
0

M(��, pT ) d��
R 2⇡
0

S(��, pT ) d��
(2)

whose shape is proportional to the true pairs distribution
over ��.
Figure 1 shows the correlation functions C(��, pT ) for

di↵erent pT bins, for the top 5% most central d+Au
collisions and for minimum bias p+p collisions. Near
head-on d+Au collisions show a visible enhancement of

4

The data were obtained from p+p in the 2008 and 2009
experimental runs and d+Au in the 2008 run with the
PHENIX detector. The event centrality class in d+Au
collisions is determined as a percentile of the total charge
measured in the PHENIX beam-beam counter covering
�3.9 < ⌘ < �3.0 on the Au-going side [16]. For the top
5% central d+Au collisions, the corresponding number of
binary collisions and number of participants are 18.1±1.2
and 17.8± 1.2 respectively [16].

Charged particles used in this analysis are recon-
structed in the two PHENIX central-arm tracking sys-
tems, consisting of drift chambers and multi-wire propor-
tional pad chambers (PC) [17]. Each arm covers ⇡/2 in
azimuth and |⌘| < 0.35, and the tracking system achieves
a momentum resolution of 0.7%�1.1%p GeV/c.

The drift-chamber tracks are matched to hits in the
third layer of the PC, reducing the contribution of
tracks originating from decays and photon conversions.
Hadron identification is achieved using the time-of-flight
detectors, with di↵erent technologies in the east and
west arms, for which the timing resolutions are 130 ps
and 95 ps, respectively. Pions and (anti)proton tracks
are identified with over 99% purity at momenta up to
3 GeV/c [18, 19] in both systems.

Energy deposited at large rapidity in the Au-going di-
rection is measured by the towers in the south-side Muon
Piston Calorimeter (MPC-S) [20]. The MPC-S comprises
192 towers of PbWO4 crystal covering 2⇡ in azimuth and
�3.7 < ⌘ < �3.1 in pseudorapidity, with each tower sub-
tending approximately �⌘⇥�� ⇡ 0.12⇥0.18. Over 95% of
the energy detected in the MPC is from photons, which
are primarily produced in the decays of ⇡0 and ⌘ mesons.
Photons are well localized, as each will deposit over 90%
of its energy into one tower if it hits the tower’s center.
To avoid the background from noncollision noise sources
and cut out the deposits by minimum ionization parti-
cles (⇠ 245 MeV), we select towers with deposited energy
ETower > 3 GeV.

We first examine the long-range azimuthal angular cor-
relation of pairs consisting of one track in the central
arm and one tower in the MPC-S. Because the towers
are mainly fired by photons, and the azimuthal extent
of each energy deposition is much smaller than the size
of azimuthal angular correlation from jet or elliptic flow,
these track-tower pair correlations will be good proxies
for hadron-photon correlations without attempting to re-
construct individual photon showers. We construct the
signal distribution S(��, pT ) of track-tower pairs over
relative azimuthal opening angle �� ⌘ �Track � �Tower,
each with weight wtower, in bins of track transverse mo-
mentum pT .

S(��, pT ) =
d(wTowerN

Track(pT )�Tower
Same event )

d��
(1)

Here �Track is the azimuth of the track as it leaves the

0.98
1.00

1.02

1.04
1.06 (a) : 0.2-1.0 GeV/c

T,track
p

 < 0.35
track
η -0.35 < 

< -3.1, Au-going
tower
η -3.7 < 

d+Au 0-5% 0.8

1.0

1.2

1.4
)φΔcos(nn2cΣ1+

1c
2c

3c
4c

(d) : 0.2-1.0 GeV/c
T,track

p

p+p

0.98
1.00

1.02
1.04

1.06 (b) : 1.0-2.0 GeV/c
T,track

p

d+Au 0-5% 0.8

1.0

1.2

1.4 (e) : 1.0-2.0 GeV/c
T,track

p

p+p

-1 0 1 2 3 4

0.98

1.00

1.02

1.04

1.06 (c) : 2.0-4.0 GeV/cT,trackp

d+Au 0-5%

-1 0 1 2 3 4
0.8

1.0

1.2

1.4 (f) : 2.0-4.0 GeV/cT,trackp

p+p

 (rad)φΔ  (rad)φΔ

) T
,pφ

Δ
C

(
) T

,pφ
Δ

C
(

) T
,pφ

Δ
C

(

FIG. 1: The azimuthal correlation functions C(��, pT ), as
defined in Eq. 2, for track-tower pairs with di↵erent track
pT selections in 0%–5% central d+Au collisions (left) and
minimum bias p+p collisions (right) at

p
sNN = 200 GeV.

From top to bottom, the track pT bins are 0.2–1.0 GeV/c,
1.0%–2.0 GeV/c and 2.0%–4.0 GeV/c. The pairs are formed
between charged tracks measured in the PHENIX central
arms at |⌘| < 0.35 and towers in the MPC-S calorimeter
(�3.7 < ⌘ < �3.1, Au-going). A near-side peak is observed
in the central d+Au which is not seen in minimum bias p+p.
Each correlation function is fit with a four-term Fourier co-
sine expansion; the individual components n = 1 to n = 4 are
drawn on each panel, together with the fit function sum.
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Minimum	
  bias	
  :	
  pp	


9	


Elementary	
  process	
  (not	
  flow)	


Central	
  0-­‐5%:	
  dAu	


v2	
  component	
  (red	
  curve)	


PPG161	
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   10	
  

Very	
  nice	
  recep)on	
  of	
  3He+Au	
  results	
  at	
  Ini)al	
  Stages	
  Conference	
  
First	
  results	
  shown	
  in	
  Shengli’s	
  talk!	
  

hpp://is2014.lbl.gov/	
  

Glauber	
  IC	
  +	
  Hydro	
  (η/s=1/4π)	
  +	
  Hadronic	
  Cascade	
  (PRL	
  2014)	
  
Dashed	
  Lines	
  –	
  adding	
  pre-­‐flow	
  (see	
  Romatschke’s	
  talk)	
  

J.	
  Nagle,	
  PHENIX	
  December	
  Prenary	




BBC	
  High	
  Mul)plicity	
  Trigger	
  for	
  HeAu	
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Why	
  not	
  BBC	
  High	
  Mul)plicity	
  Trigger	
  
works	
  on	
  pp?	


12	


N
um

be
r	
  o

f	
  T
ra
ck
s	
  i
n	
  
PC
	


BBC	
  Charge	


Ridge	


Doesn’t	
  show	
  strong	
  correla)on	
  
between	
  BBC	
  and	
  central	
  arm	
  ac)vi)es	


HeAu	
 200	
  GeV	
  pp	


Clear	
  correla)on	
  btwn	
  central	
  arm	
  
ac)vi)es	
  and	
  BBC	
  mul)plicity	


-­‐>	
  Works	
  as	
  trigger	
 -­‐>	
  Doesn’t	
  Works	
  as	
  trigger	
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Trigger	
  sensi)ve	
  to	
  high	
  mul)plicity	


•  Central	
  arm	
  :	
  trigger	
  on	
  the	
  number	
  of	
  2x2	
  
fired	
  cells	
  in	
  the	
  EMCal	
  -­‐>	
  Non	
  azimuthally	
  
symmetric	
  -­‐>	
  bias	
  towards	
  v2.	
  

•  FVTX	
  Trigger	
  (in	
  prepara)on)	
  symmetric	
  
	


13	


FVTX	
  trigger	
  is	
  the	
  best	
  if	
  (collec)ve	
  mo)on)	
  
is	
  seen	
  in	
  FVTX	
  rapidity	
  region.	
  So	
  far	
  the	
  best	
  
mul)plicity	
  trigger	
  for	
  central	
  arm	
  and	
  MPC	
  
region	
  in	
  pp.	
  

14/12/18	




Track	
  Mul)plicity	
  vs.	
  rapidity	


14	
PHOBOS Phys. Rev. C72, 031901 

d-­‐going	
Au-­‐going	


0	
  ~	
  20%	


0	
  ~	
  5%	
 ~60	


~20	


For	
  0	
  ~	
  5%	
  centrality,	
  
track	
  mul)plicity	
  is	
  20	
  in	
  
d-­‐going	
  and	
  60	
  in	
  Au-­‐
going	
  side	
  in	
  FVTX	
  
rapidity	
  region.	
  	


pp	

dAu	


CMS	
  case:	
  
(dnch/dη	
  ~	
  23)	
  14/12/18	




Key	
  features	
  to	
  observe	
  Ridge	


•  0-­‐5%	
  dA	
  centrality	
  =>	
  20-­‐60	
  tracks	
  /	
  FVTX	
  
rapidity	
  unit	
  (Comparable	
  to	
  CMS	
  dnch/dη	
  ~	
  23)	
  

•  In	
  dAu	
  the	
  higher	
  the	
  mul)plicity,	
  the	
  v2	
  
component	
  gets	
  stronger.	
  

•  80M	
  events	
  0-­‐5%	
  Central	
  dAu	
  in	
  Run8	
  provided	
  
very	
  clear	
  signal.	
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Key	
  Features	
  to	
  observe	
  Ridge	


•  0	
  ~	
  5%	
  centrality	
  =>	
  20	
  ~	
  60	
  tracks	
  /	
  rapidity	
  unit	
  
•  80	
  Mevents	
  Cental	
  dA	
  Events	
  in	
  Run8	
  

16	


•  FVTX	
  North	
  and	
  South	
  separate	
  trigger	
  bits	
  
•  Assuming	
  100Hz	
  per	
  arm	
  (Total	
  200Hz)	
  
•  200Hz	
  x	
  3600s	
  x	
  24h	
  x	
  7days	
  x	
  9	
  weeks	
  x	
  30%	
  
Up	
  )me	
  ~	
  300M	
  high	
  mul)plicity	
  events	
  

What	
  we	
  gain	
  in	
  Run	
  15	
  pp?	


-­‐>	
  Purity	
  of	
  the	
  trigger	
  is	
  the	
  issue	


# trigger(# track > 30) = # trigger× purity

14/12/18	




Required	
  Rejec)on	
  Power	

#	
  of	
  Tracks	
  /	
  arm	
 >	
  0	
 >	
  10	
 	
  >	
  20	
 >	
  30	
 >	
  40	


Frac)on	
  in	
  MB	
 100%	
 10%	
 0.7%	
 0.04%	
 0.008%	


Rates	
  in	
  MB	
 1MHz	
 100kHz	
 7kHz	
 400Hz	
 80Hz	


Required	
  
Rejec)on	
  Power	
 1	
 10	
 142	
 2,500	
 12,500	


17	


#	
  of	
  Raw	
  Tracks	
  in	
  FVTX	
  /	
  arm	
  @	
  510GeV	
  pp	


Run13	
  Data	


#	
  of	
  Tracks	
  in	
  FVTX	


If	
  we	
  ask	
  coincidence	
  with	
  BBC	
  
(narrow),	
  then	
  	
  gain	
  x4	
  RP	
  	


Required	
  rejec)on	
  ~	
  1000	


Real	
  Track	
  :	
  Basic	
  cut/Raw	
  track,	
  
200GeV/500GeV	
  to	
  be	
  scaled	


14/12/18	




FVTX	
  READOUT	
  AND	
  TRIGGER	
  
LOGIC	


Terminology	
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FVTX	
  Readout	
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FPGA	


Slow
	
  Control	


FEM-­‐IB	


All	
  hits	
  are	
  sent	
  
to	
  FEM	
  

regardless	
  of	
  
trigger	
  request	


FEM	


14/12/18	




FVTX	
  Trigger	
  Design	
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FPGA	


Slow
	
  Control	


FEM-­‐IB	


Raise	
  a	
  “track	
  flag”	
  if	
  
track	
  like	
  hit	
  papern	
  

is	
  found.	


Track	
  flag	


TRIGGER	
 GL1	


If	
  the	
  number	
  of	
  
flagged	
  FEMs	
  are	
  more	
  
than	
  threshold,	
  then	
  

issue	
  a	
  trigger	
  	


FEM	


14/12/18	




#track'>'
5track/east�

AND'

EAST'

WEST'

Δφ=15°'

limited'
to'1'bit'

#hits'>'
3/4staBons�

#hits'>'
3/4staBons�

OR'

#track'>'
5track/west�

FEMIIB'FPGA'

FEM'FPGA'

TRIGGER'

21	


•  At	
  least	
  one	
  hit	
  in	
  3	
  out	
  of	
  4	
  sta)ons	
  is	
  required	
  within	
  a	
  
half	
  sector	
  ((Δφ=7.5o).	
  -­‐>	
  TrackFlag.	
  

•  If	
  there	
  are	
  more	
  than	
  two	
  tracks	
  within	
  a	
  given	
  sector	
  
(Δφ=15o),	
  the	
  second	
  one	
  won’t	
  be	
  counted.	
  

We	
  Request	
  Two	
  Trigger	
  bits	
  (one	
  per	
  arm)	
  for	
  FVTX	
  trigger.	
  	


AND	
 Limited	
  to	
  
1bit	


Mainly	
  developed	
  by	
  
Aaron	
  Key	
  (UNM)	


Mainly	
  developed	
  by	
  
Toru	
  Nagashima	
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FEM-­‐IB	
  Cable	


22	


Cables	
  are	
  connected	
  between	
  FPGA	
  test	
  pins	
  between	
  FEM	
  and	
  FEM-­‐IB.	
  
FEM	
  cables	
  are	
  installed	
  in	
  November.	


FEM	
  end	


FEM-­‐IB	
  end	
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FVTX	
  Terminology	
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Sta)on-­‐0	

Sta)on-­‐1	


Sta)on-­‐2	

Sta)on-­‐3	


Wedge	


Sector	


Wedge	


FEM	


#track'>'
5track/east�

AND'

EAST'

WEST'

Δφ=15°'

limited'
to'1'bit'

#hits'>'
3/4staBons�

#hits'>'
3/4staBons�

OR'

#track'>'
5track/west�

FEMIIB'FPGA'

FEM'FPGA'

TRIGGER'

Cage	
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FVTX	
  Trigger	
  
Parameters	
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Sta)on-­‐0	

Sta)on-­‐1	


Sta)on-­‐2	

Sta)on-­‐3	


Wedge	


Sector	


Wedge	


FEM	


#track'>'
5track/east�

AND'

EAST'

WEST'

Δφ=15°'

limited'
to'1'bit'

#hits'>'
3/4staBons�

#hits'>'
3/4staBons�

OR'

#track'>'
5track/west�

FEMIIB'FPGA'

FEM'FPGA'

TRIGGER'

Cage	


#	
  of	
  hits/wedge	


#	
  of	
  ac)ve	
  wedges	
  out	
  of	
  4	
  sta)ons	


Ac)ve	
  Sector	
  (AND/OR)	


#	
  of	
  ac)ve	
  FEMs	

#track'>'

5track/east�

AND'

EAST'

WEST'

Δφ=15°'

limited'
to'1'bit'

#hits'>'
3/4staBons�

#hits'>'
3/4staBons�

OR'

#track'>'
5track/west�

FEMIIB'FPGA'

FEM'FPGA'

TRIGGER'

#track'>'
5track/east�

AND'

EAST'

WEST'

Δφ=15°'

limited'
to'1'bit'

#hits'>'
3/4staBons�

#hits'>'
3/4staBons�

OR'

#track'>'
5track/west�

FEMIIB'FPGA'

FEM'FPGA'

TRIGGER'Arm	


Ac)ve	
  Cage	
  (AND/OR)	
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TRIGGER	
  PERFORMANCE	

Run13	
  pp	
  data	
  was	
  used.	
  #of	
  tracks	
  could	
  be	
  lower	
  in	
  200GeV.	


25	
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Entries  1310052

Number of Tracks
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410

510
Entries  1310052

trig mode = multitrack
cfg.sector.nhit.thre = -1

cfg.sector.nstation.thre = 3
cfg.fem.logic = OR
cfg.cage.thre = 9

cfg.arm.logic = AND

Number of Tracks

Entries  1310052

Number of Hits
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1

10
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410

510 Entries  1310052

Number of Hits

Entries  1310052

Number of Tracks
0 5 10 15 20 25 30 35 40 45 50
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510

Entries  1310052Entries  2219Entries  2219

total

triggered

Rejection Power=590
Purity(30)= 0.340

Number of Tracks

Entries  1310052

Number of Hits
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210
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410

510 Entries  1310052Entries  2219Entries  2219

total

triggered

Number of Hits

Number of Tracks
0 5 10 15 20 25 30 35 40 45 500

0.2

0.4

0.6

0.8

1

Entries  0Entries  0 / ndf 2χ  62.76 / 47
plateau   0.03725± 0.6681 
turn on   0.4434± 33.68 
sigma     0.1443± 6.999 

 / ndf 2χ  62.76 / 47
plateau   0.03725± 0.6681 
turn on   0.4434± 33.68 
sigma     0.1443± 6.999 

Trigger Efficiency (South)

Number of Hits
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0.2

0.4
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0.8

1
Entries  0Entries  0 / ndf 2χ  174.3 / 97

plateau   0.0199± 0.3594 
turn on    6.72± 527.1 
sigma     2.143± 96.44 

 / ndf 2χ  174.3 / 97
plateau   0.0199± 0.3594 
turn on    6.72± 527.1 
sigma     2.143± 96.44 

Trigger Efficiency (South)
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Number of Tracks
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210
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410

510
Entries  1310052

trig mode = multitrack
cfg.sector.nhit.thre = -1

cfg.sector.nstation.thre = 3
cfg.fem.logic = OR
cfg.cage.thre = 7

cfg.arm.logic = AND

Number of Tracks

Entries  1310052

Number of Hits
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Number of Hits

Entries  1310052

Number of Tracks
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triggered

Rejection Power=74
Purity(30)= 0.104

Number of Tracks

Entries  1310052

Number of Hits
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410

510 Entries  1310052Entries  17656Entries  17656

total

triggered

Number of Hits

Number of Tracks
0 5 10 15 20 25 30 35 40 45 500

0.2

0.4

0.6

0.8

1

Entries  0Entries  0 / ndf 2χ  251.2 / 47
plateau   0.01011± 0.8543 
turn on   0.1012± 23.92 
sigma     0.04445± 5.671 

 / ndf 2χ  251.2 / 47
plateau   0.01011± 0.8543 
turn on   0.1012± 23.92 
sigma     0.04445± 5.671 

Trigger Efficiency (South)

Number of Hits
0 100 200 300 400 500 600 700 800 900 10000

0.2

0.4

0.6

0.8

1
Entries  0Entries  0 / ndf 2χ  732.8 / 97

plateau   0.006546± 0.4806 
turn on   1.496± 363.5 
sigma     0.5546± 72.22 

 / ndf 2χ  732.8 / 97
plateau   0.006546± 0.4806 
turn on   1.496± 363.5 
sigma     0.5546± 72.22 

Trigger Efficiency (South)
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>	
  14	
  total	
  tracks/arm	


Number	
  of	
  Track	
  Distribu)on	


Turn	
  on	
  around	
  25	


>	
  18	
  total	
  tracks/arm	


Turn	
  on	
  around	
  33	
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Entries  1310052

Number of Tracks
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Entries  1310052

trig mode = multitrack
cfg.sector.nhit.thre = -1

cfg.sector.nstation.thre = 3
cfg.fem.logic = OR
cfg.cage.thre = 10

cfg.arm.logic = AND

Number of Tracks
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total
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Number of Hits

Number of Tracks
0 5 10 15 20 25 30 35 40 45 500

0.2

0.4

0.6

0.8

1

Entries  0Entries  0 / ndf 2χ     59 / 47
plateau   0.07255± 0.4876 
turn on   1.209± 39.57 
sigma     0.3509± 7.843 

 / ndf 2χ     59 / 47
plateau   0.07255± 0.4876 
turn on   1.209± 39.57 
sigma     0.3509± 7.843 

Trigger Efficiency (South)

Number of Hits
0 100 200 300 400 500 600 700 800 900 10000

0.2

0.4

0.6

0.8

1
Entries  0Entries  0 / ndf 2χ  97.24 / 97

plateau   0.02734± 0.2292 
turn on   15.32± 602.5 
sigma     4.959± 101.2 

 / ndf 2χ  97.24 / 97
plateau   0.02734± 0.2292 
turn on   15.32± 602.5 
sigma     4.959± 101.2 

Trigger Efficiency (South)
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>	
  20	
  total	
  tracks/arm	


Number	
  of	
  Track	
  Distribu)on	


Biased	
  towards	
  v0	


Total	
  tracks	
  -­‐>	
  24	


Total	
  tracks	
  <<	
  24	
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Trigger	
  Performance	
  	


28	


7	
  ~	
  10	


The	
  purity	
  may	
  be	
  
around	
  0.4	
  at	
  RP~1000	


Blue	
  :	
  North	
  
Red	
  :	
  South	


14/12/18	




FVTX	
  Trigger	
  Performance	

•  Rejec)on	
  power	
  of	
  500	
  and	
  purity	
  of	
  0.4	
  has	
  been	
  
demonstrated.	
  If	
  we	
  ask	
  coincidence	
  with	
  BBC	
  narrow,	
  
which	
  brings	
  to	
  the	
  ball	
  park	
  of	
  required	
  RP.	
  	
  

•  Higher	
  rejec)on	
  power	
  is	
  achievable	
  but	
  could	
  be	
  
trade	
  off	
  with	
  introducing	
  the	
  trigger	
  bias.	
  	
  

•  Op)miza)on	
  of	
  algorithm	
  is	
  underway.	
  North	
  &	
  South	
  
Rejec)on	
  Power	
  is	
  also	
  to	
  be	
  studied.	
  

•  The	
  present	
  purity	
  0.4	
  scales	
  down	
  expected	
  total	
  
events	
  from	
  300M	
  to	
  120M.	
  Further	
  scale	
  down	
  by	
  	
  
– Mul)plicity(200GeV)/Mul)plicity(500GeV)	
  
–  Basic	
  cut	
  track	
  /	
  Raw	
  track	
  
–  Etc.	
  

	


29	
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Summary	


•  We	
  propose	
  high	
  mul)plicity	
  trigger	
  to	
  be	
  
implemented	
  to	
  exis)ng	
  FVTX	
  detector.	
  

•  Hardware	
  for	
  the	
  trigger	
  are	
  mostly	
  installed	
  
already.	
  No	
  new	
  electronics	
  boards	
  are	
  
necessary.	
  	
  

•  We	
  can	
  collect	
  high	
  mul)plicity	
  event	
  samples	
  
similar	
  to	
  Run8	
  dAu	
  0-­‐5%	
  centrality	
  events	
  
with	
  ~	
  200	
  Hz	
  bandwidth.	
  (to	
  be	
  scaled	
  down	
  
by	
  200/500GeV	
  mul),	
  basic	
  cut/raw,	
  etc).	
  

30	
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BACKUPS	


31	
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HARDWARE	
  STATUS	


32	
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Trigger	
  Cable	
  @	
  FEM	
  Board	
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Test	
  Pin	
  OUT	


Serial	
  Wire	


To	
  FEM-­‐IB	
  Test-­‐Pin	
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FEM	
  -­‐>	
  FEM-­‐IB	
  Installa)on	


35	

November	
  5th,	
  2014	
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FEM	
  Trigger	


FEM-­‐IB	


Discri.	


TTL-­‐>ECL	


ECL-­‐>	
  TTL	


RBIB
	


GL1
	


BCLK	
0	
 9	
 14	
 17~18	


collision	


1	
  BLKC	
  process	
  	
  
+	
  delay	
  w

indow
	
  4	
  Beam

	
  Clocks?)	
  

1	
  BCLK	
  process	
  
+	
  1	
  BCLK	
  M

ulit	
  FEM
	
  w
indow

	
  
+	
  1	
  BCLK	
  latch

　
	
  +	
  delay	


20	


2BCLK	


FVTX	
  Trigger	
  Timing	
  Chart	
  
	


In	
  theory,	
  we	
  can	
  assign	
  4	
  beam	
  
clock	
  window	
  for	
  hits	
  to	
  arrive.	
  We	
  
can	
  set	
  threshold	
  for	
  4	
  hits/wedge.	


1	
  hit/wedge/BCLK	


14/12/18	
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DIFFERENCE	
  BETWEEN	
  ONLINE	
  AND	
  
OFFLINE	
  TRACK	


37	
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Difference	
  in	
  Track	
  Criteria	


This	
  track	
  will	
  be	
  
recognized	
  as	
  track	
  in	
  
both	
  online	
  and	
  offline.	


A	


FEM	
  track	
  frag	


Offline	
  track	


FEMi	


B	


C	


B	


This	
  category	
  won’t	
  
be	
  picked	
  up	
  by	
  the	
  
trigger	
  -­‐>	
  cause	
  of	
  
survival	
  tracks	
14/12/18	
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Difference	
  in	
  Track	
  Criteria	


This	
  track	
  leaves	
  only	
  2	
  hits	
  
in	
  FVTX	
  and	
  won’t	
  sa)sfy	
  ¾	
  
sta)on	
  criteria	
  in	
  the	
  trigger	


A	


FEM	
  track	
  frag	


Offline	
  track	


FEMi	


B	


C	


C	


14/12/18	
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Difference	
  in	
  Track	
  Criteria	


•  This	
  differences	
  can	
  cause	
  
small	
  frac)on	
  survives	
  FEM	
  
track	
  frag>x	
  trigger	
  condi)on	


A	


FEM	
  track	
  frag	


Offline	
  track	


FEMi	


FEMi+1	


B	


C	

A	


C	

C	
  -­‐>	
  B	


This	
  category	
  won’t	
  
be	
  picked	
  up	
  by	
  the	
  
trigger	
  -­‐>	
  cause	
  of	
  
survival	
  tracks	


Possibly	
  remove	
  
the	
  border	
  within	
  
FEM	
  FPGA	
  

14/12/18	
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FVTX	
  Alignment	

y-­‐axis	


x-­‐axis	


FVTX	
  Event	
  Display	


track	


14/12/18	
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St-­‐0	
 St-­‐1	
 St-­‐2	
 St-­‐3	


Wedges	
  are	
  slightly	
  staggered	
  
in	
  phi	
  direc)on	
  to	
  gain	
  phi	
  
resolu)on	
  on	
  	
  purpose	


This	
  mismatch	
  of	
  phi	
  angle	
  between	
  sta)ons	
  enhances	
  “category	
  C”	
14/12/18	
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Low	
  #	
  Track	
  Leak	
  Cause	
  Summary	

1.  Online	
  trigger	
  won’t	
  recognize	
  track	
  which	
  

crosses	
  boarder	
  between	
  sectors	
  
2.  Online	
  trigger	
  won’t	
  have	
  VTX	
  hit	
  informa)on.	
  
3.  FVTX	
  sta)ons	
  are	
  staggered	
  by	
  a	
  liple	
  bit	
  in	
  phi	
  

direc)on	
  

43	
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total
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Entries  0

Trigger Efficiency (South)

Number of Hits
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Trigger Efficiency (South)
Entries  0

Trigger Efficiency (South)

No	
  trivial	
  solu)ons	
  without	
  
significant	
  revise	
  in	
  hardware	
  
configura)on	
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Mul)plicity	
  in	
  pp	
  (UA1)	


44	
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Fig. 5. (a) Average charged multiplicity and (b) second moment of the multiplicity distribution as a
function of the cm. energy.

and data at lower energies. Our results are in good agreement with the non single
diffractive data of UA5 and confirm the violation of Feynman scaling observed
when increasing the c.m. energy from the ISR [24,25] to the SPS Collider. The data
can be well fitted with a linear logarithmic law of the form: dnCh/d~= —0.32 +
0.55 ln(Vs/GeV).

6. Transverse momentum distribution

The invariant cross section for single charged particles, averaged over the interval
Ni I <2.5, is plotted in fig. 8 as a function of the transverse momentum for Vs = 0.2
and 0.9TeV. The systematic error due to the luminosity and to the acceptance

NPB335(1990)261	


~1/20	


Nch
200GeV

Nch
500GeV ~ 0.8
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45	


Last  week’s  efficiencies 

2013/4/25 23 

0.55	
  x	
  phys/store	
  0.7	
  =	
  0.38	
  x	
  phys/store	
  
0.7	
  is	
  the	
  best	
  period.	
  Average	
  ~	
  0.6?	


RHIC	
  x	
  PHENIX	
  Up)me	
  Es)ma)on	
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BBC	
  narrow	
  :	
  Run12	
  pp	
  200GeV	


46	
RP=BBC/BBC(narrow	
  VTX)~	
  4	
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FEM	
 FEMIB	


Visual	
  
scaler	


test	
  signal	


The	
  serial	
  
line	
  cable	
 ​#  of  FEMIB  trigger/#  of  FEM  trigger   =100%?	
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Signal	
  transmission	
  test	


Study	
  by	
  Toru	
  Nagashima	
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Signal	
  transmission	
  test	
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Signal	
  rate	
 #trigger	
  /	
  #signal	


3kHz	
 100%	


300kHz	
 100%	


4.7MHz	
  (BCO/2)	
 100%	


S)ll	
  need	
  to	
  be	
  tested	
  under	
  some	
  par)cular	
  condi)on	
  (con)nuous	
  FEM	
  
trigger	
  through	
  mul)ple	
  BCO	
  etc.)	
  

Study	
  by	
  Toru	
  Nagashima	
14/12/18	




Trigger	
  Concept	


Mul)	
  Track	
 Mul)	
  Hit	


How	
  well	
  we	
  can	
  
trigger	
  mul)	
  track	
  
events	
  by	
  mul)	
  hit	
  
algorithm?	
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Trigger	
  used	
  in	
  CMS	
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Mul)-­‐Track	
  vs.	
  Mul)-­‐Hit	
  Algorithm	
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Mul)Track	


Mul)Hit	

Low	
  track	
  events	
  are	
  more	
  suppressed	
  in	
  Mul)-­‐Track	
  than	
  Mul)-­‐Hit	
  Mode	
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Track	
  Mul)plicity	
  vs.	
  rapidity	
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PHOBOS Phys. Rev. 
C72, 031901 

d-­‐going	
Au-­‐going	

v2	
 smaller	
Larger	


0	
  ~	
  20%	


0	
  ~	
  5%	


~60	


~20	
 For	
  0	
  ~	
  5%	
  centrality,	
  
track	
  mul)plicity	
  is	
  20	
  in	
  
d-­‐going	
  and	
  60	
  in	
  Au-­‐
going	
  side	
  in	
  FVTX	
  
rapidity	
  region.	
  	


Similar	
  mul)plicity	
  in	
  pp	
  ~	
  40	
  ?	
  
We	
  set	
  trig	
  threshold	
  to	
  be	
  30.	
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CMS	
  High-­‐Mul)plicity	
  Sample	


9 

Very high multiplicity pp collisions 

Very high-multiplicity pp events are rare in nature 

10-5 – 10-6 prob. 

Very exotic  
pp events 

Raw counts of tracks! 

<Ntrk
offline>~15 for MB pp

52	


|η|<2.4	
  
<nch>	
  15	
  for	
  MB	
  
110/<nch>	
  ~	
  7	
  
10-­‐5	
  ~	
  10-­‐6	
  probability	


110	
  tracks	
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KNO	
  Scaling	
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(1.41
Collaboration
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How	
  does	
  this	
  scale	
  to	
  RHIC?	
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#	
  of	
  Tracks	
  in	
  FVTX	
  /	
  arm	
  @	
  510GeV	
  pp	


Run13	
  Data	


#	
  of	
  Tracks	
  in	
  FVTX	


pp	

PHOBOS,	
  PRC83,024913	


FVTX	


<nch>/dη~	
  2.5	


#	
  of	
  Tracks	
  /	
  arm	
 >	
  0	
 >	
  10	
 	
  >	
  20	
 >	
  30	
 >	
  40	


nch/<nch>	
 4	
 8	
 12	
 16	


Frac)on	
  in	
  MB	
 100%	
 10%	
 0.7%	
 0.04%	
 0.008%	


Rates	
  in	
  MB	
 1MHz	
 100kHz	
 7kHz	
 400Hz	
 80Hz	


Required	
  
Rejec)on	
  Power	
 1	
 10	
 142	
 2,500	
 12,500	


η	
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Centrality	
  Dependent	
  v2	


55	
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He3Au	
  theory	
  predic)ons	
  vs	
  data	
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He3Au  200 GeV w and w/o preflow

PHENIX
w/o preflow (PRL113)

w preflow (unpublished)

IP-­‐Glasma+Music	
  
Glauber+hydro+cascade	
  
(Glauber+AdS+hydro+cascade)	
  

Glauber	
  predic)ons	
  (even	
  w/o	
  preflow)	
  prepy	
  
good;	
  don’t	
  need	
  IP-­‐Glasma	
  to	
  describe	
  He3-­‐Au	
  14/12/18	




Note	

•  Trigger	
  efficiency,	
  rejec)on	
  power	
  and	
  
prescale	
  factor	
  do	
  not	
  affect	
  on	
  this	
  total	
  
triggered	
  event	
  es)ma)on,	
  because	
  constant	
  
100Hz	
  is	
  assumed.	
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•  FVTX	
  North	
  and	
  South	
  separate	
  trigger	
  bits	
  
•  Assuming	
  100Hz	
  per	
  arm	
  (Total	
  200Hz)	
  
•  200Hz	
  x	
  3600s	
  x	
  24h	
  x	
  7days	
  x	
  9	
  weeks	
  x	
  30%	
  
DAQ	
  )me	
  ~	
  300M	
  high	
  mul)plicity	
  events	
  

Goal	
  of	
  Run	
  15	
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